Abstract: Naltrexone, an opiate antagonist, and bupropion, a noradrenergic/dopaminergic antidepressant, have many effects on the reward systems of the brain. These medications impact eating behavior, presumably via their impact on food reward. However, only bupropion induces weight loss in obese individuals, while naltrexone does not have any appreciable effect. The combination of 32 mg of naltrexone and 360 mg of bupropion in a sustained-release combination pill form has been recently approved for obesity treatment. Studies have shown that the combination of these two medications is more effective in inducing weight loss, when combined with lifestyle intervention and calorie reduction, than each individual medicine alone. The naltrexone-bupropion combination, when combined with lifestyle intervention and modest calorie reduction, seems to be quite effective for 6-month and 1-year outcomes for clinically significant weight loss (over 5% of total body weight). These medications are not devoid of serious side effects, however, and careful patient selection can reduce dramatic complications and increase positive outcomes. This paper reviews existing weight loss clinical trials with bupropion and the bupropion-naltrexone combination. Additionally, the rationale for the suggested patient selection and clinical strategies for special patient populations are discussed.
Introduction
Obesity is a disease that is characterized by excess body fat that results from an energy imbalance resulting from excess consumption of calories relative to energy expenditure of the body. Obesity is strongly associated with increased mortality and morbidity in combination with a host of other diseases, primarily diabetes and cardiovascular disease. 1, 2 Rates of both obesity and these associated diseases are increasing around the world, which has since led to the recognition of obesity as a disease rather than an expression of a normal human condition.
Treatment of obesity is, naturally, weight loss. This enables the body to expend energy stores, namely, the adipose tissue in the human body. To lose weight, patients, simply put, need to decrease their calorie intake and increase their energy consumption through expanded physical activity. Various forms of extreme calorie reduction and extreme exercising have been found to be very effective. The problem is that very few obese/overweight people can adequately follow these diets and exercise routines, and even fewer people can sustain them over long periods of time. Thus, extreme dieting and exercise are efficacious in study conditions, but are not necessarily effective in practice or at the population level.
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Research has shown that lifestyle interventions that prescribe moderate calorie restriction (typically 500 calories per day) and behavior change, which promotes small changes in daily life, lead to a moderate increase in activity and a moderate decrease in the consumption of unnecessary calories. 3 Both of these strategies appear efficacious in research conditions and are additionally effective at the clinic and population level, as exemplified in many commercialized weight-loss programs. 3 Behavior change focuses on cognition and behavior regarding eating and movement, such as portion control, control of nonhunger eating, sedentary life, increasing daily activities, etc. Most people can join these courses in clinics or commercial programs in their communities and successfully lose weight. However, some individuals are unable to participate in lifestyle interventions due to financial, motivational, or other reasons. Also, a high proportion of people who can manage to lose weight through lifestyle interventions eventually revert back to old behaviors once the intervention is over and, ultimately, regain the weight. 4 Since obesity affects not only how one thinks about food and activity, but also the brain physiology that is connected to energy regulation, pharmacological support for lifestyle interventions may be useful. For this particular reason, many pharmacological agents have been developed or repurposed. These medications are mostly psychoactive substances that directly target various receptors in the brain and aim at helping with appetite control and maintaining participation in lifestyle programs. This paper centers on the recently approved, repurposed medication combination of naltrexone and bupropion, with a focus on specific patient populations and correct patient selection to maximize the utility of this promising pharmacological intervention.
Naltrexone
Naltrexone is an antagonist of µ, δ, and κ opiate receptors, although its actions are most pronounced on µ opiate receptors. 5 It does not have any other known actions in the brain. It is available in a 50 mg generic oral preparation and a 380 mg brand-name depot injectable form. The oral form is approved by the US Food and Drug Administration (FDA) for alcohol dependence and is shown to decrease cravings for alcohol. The injectable form is approved for alcohol dependence as well as opiate addiction. In both forms it completely blocks opiate receptors, which may cause dramatic opiate withdrawal in ongoing opiate users, while also completely negating both euphoric and therapeutic antinociceptive effects of opioids for nonusers. The oral form is well studied and has been widely used in clinics for over 2 decades; it is inexpensive and very well tolerated. Naltrexone may also affect food intake through various mechanisms. 6 Its nonspecific blockade of opiate receptors also blocks endogenous opioid (ie, endorphin) action. First, craving is a form of anticipatory reward which is regulated through endogenous opioid and mesolimbic dopaminergic systems. Naltrexone attenuation of alcohol craving may be explained by its blockade of anticipatory reward, and so it could be hypothesized that it would reduce food cravings, which induce nonhunger eating. Second, food intake is a very rewarding process in itself. Food consumption is pleasurable, since it induces endorphin release, which is in relative proportion to fat and sugar content of the consumed food. Thus, naltrexone blocks the rewarding aspects of the food and is shown to decrease food consumption in rodents. 7 Finally, hypothalamic pro-opiomelanocortin (POMC) cells are important in appetite regulation since they send a "stop-eating" signal to the brain by secreting melanocyte-stimulating hormone (MSH). MSH is cosecreted with β endorphin, which does not have any effect on appetite but provides a feedback inhibition to POMC cells. Since naltrexone blocks this feedback inhibition, it could provide continued MSH release, resulting in appetite reduction. 8 While all of these have the making of an excellent obesity medication, surprisingly, studies of naltrexone as a weight loss agent in normal obese patients are uniformly negative.
9,10
Bupropion
Bupropion is a well-studied antidepressant which has been widely used for over 25 years. It is marketed in various generic oral doses in immediate-release, sustained-release, and extended-release formulations. It is inexpensive and generally well tolerated when attention is paid to its side effects and precautions. Bupropion inhibits dopamine and noradrenalin reuptake, thus, increasing the level of these neurotransmitters in the synapse. It is also a nicotine antagonist and is approved for smoking cessation. Its major side effects include seizures, tachycardia, glaucoma, increased blood pressure, rash, and in rare cases, Stevens-Johnson syndrome, anxiety/agitation, and in even rarer cases, psychosis. Like other antidepressants, it carries a warning for increased suicidal ideation. It increases blood levels of a range of medications through its inhibition of hepatic P450 cytochrome 2D6 enzyme. This list includes antidepressants, antipsychotics, β-blockers, and tamoxifen. It also interacts with monoamine oxidase (MAO) inhibitors to create a potentially fatal reaction. Monoamine oxidase inhibiting antidepressants are not currently widely used, but weaker inhibitors, such as the 
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Naltrexone HCi/bupropion HCi for obese adults antibiotic linezolid and the antituberculosis agent isoniazid, still have the potential to create the interaction. 11, 12 Bupropion is chemically related to amphetamines. All amphetamines and their congeners reduce appetite. The mechanism is not clear, however, it is possibly related to their action in central noradrenergic and dopaminergic systems, which may impact the food reward. They may possibly have direct effect on the appetite regulation in hypothalamus, but this action is not well described. Amphetamine congeners phentermine and diethylpropion are approved for obesity treatment and are quite effective. 13, 14 Bupropion, similar to its chemical cousins and unlike naltrexone, does have a weight loss effect, although it is thought to be weaker than phentermine and diethylpropion. For obese patients who are given lifestyle intervention and caloric restriction, the clinically significant weight loss (defined as 5% of total body weight [TBW] ) is roughly twice the rate of placebo. 10, 15, 16 Summary findings are presented in a "number needed to treat" (NNT) format in Figures 1 and 2 for easy comparison. NNT is a summary statistic that denotes the number of patients needed to be treated to get one positive clinically significant outcome compared to placebo. 17 Lower numbers correlate with better outcomes and most effective medications in medicine have an NNT between 2 and 4.
Naltrexone bupropion combination
The naltrexone-bupropion combination pill was recently approved for obesity treatment in the USA and Europe. This is a sustained-release combination of 8 mg of naltrexone and 90 mg bupropion. At this time, the recommended dose is a total of 32 mg naltrexone and 360 mg bupropion. The manufacturer has evaluated various doses of naltrexone combined with fixed doses of bupropion and found that 32 mg of naltrexone is the optimum dose. 10, 18 The mechanism of action is thought to be through a combination of both medications' action on food reward. The medications, in this instance, appear to have a synergistic effect by providing more weight loss than each medication alone. Studies showed a yearly weight loss of nearly 8% TBW with the combination medication in combination with lifestyle intervention and a 500-calorie reduction compared to approximately 1.5% TBW lost in the placebo arm. 19 When intensive lifestyle intervention is applied, the weight loss approaches 11% TBW compared to about 7% with placebo. 20 Diabetic patients appear to lose less weight with the combo drug, about 6% versus 2% with placebo. 21 It is not clear why diabetic patients lose less weight with the drug. In a previous study, we also have found naltrexone not to be very efficacious in a group of antipsychotic-using obese patients as opposed to nondiabetic patients, thus, this area requires further study. There are several caveats with the naltrexone-bupropion combination studies. First, all of the studies are sponsored by the manufacturer of the combination pill. They are, nevertheless, well-conducted studies by experienced 
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Tek investigators. Confirmation studies by independent funding do not exist as of this point. Second, these are all efficacy studies that are conducted under careful experimental conditions with carefully selected ideal patients. Effectiveness studies, which would demonstrate real-life performance of the drug, have not been done to date. It is possible that study performance may not reflect real-life results. Third, most study reports have been analyzed by utilizing last observation carried forward strategy. Weight loss studies typically have high dropout rates; in the naltrexone-bupropion studies this was as high as about half of the subjects. Subjects who dropped out may or may not maintain the results that are recorded at the dropout point. The last observation carried forward strategy typically favors the intervention versus the control. Finally, perhaps since the US Food and Drugs Administration requires this for approval of obesity drugs, all studies include a prescription of calorie reduction and lifestyle change recommendations. This limits the result interpretation to the motivated patients and gives us little information on how the drug will perform without diet/lifestyle change. Bupropion by itself for example, induces much more weight loss in obesity treatment studies compared to analysis in depression studies, where weight loss is not the primary aim. 23 Thus, results presented in Figures 1 and 2 should be interpreted by clinicians with these caveats in mind.
Use and dosage
The naltrexone-bupropion combination pill is marketed in a sustained-release tablet consisting of 8 mg of naltrexone and 90 mg of bupropion. Due to seizure and elevated blood pressure risk with sudden increase in bupropion, the manufacturer recommends starting with one tablet a day and gradually increasing over a period of 1 month to 2 tablets twice daily. 24 During the studies, the drug was well tolerated, and the most frequent reported side effect was nausea, which is not surprising as this is the most common side effect for both drugs separately. Nausea is usually time-limited with both drugs and is more pronounced in the beginning of the therapy. Other side effects observed appear to be generated mostly by the bupropion component and most importantly, although rare, seizures and myocardial infarction were observed. 24 For budgetary or dosing flexibility purposes, similar dosing can be achieved by utilizing generic naltrexone and sustained-/extended-release bupropion tablets. In this case, it is possible to start the naltrexone at the targeted dose and gradually add and increase bupropion to the desired dose based on patient tolerability. It should be considered that both weight-loss effect and serious side effect risks of bupropion appear to be dose related. 15 The aim of the treatment is clinically significant weight loss. This is by convention defined as 5% of TBW. This level 
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Naltrexone HCi/bupropion HCi for obese adults of weight loss, although modest, is shown to improve medical outcomes if maintained in the long term. Naturally, as the weight loss increases, the morbidity decreases, as exemplified in bariatric surgery, which routinely provides a loss of 30% or more TBW.
Medication treatment with naltrexone-bupropion combination needs to be coupled with a lifestyle intervention and caloric restriction, to be successful. Lifestyle interventions are behavioral interventions that can be delivered in office, via group or individual format; alternately, patients can sign up for commercial programs or internet delivery. It appears the medication effect is more pronounced if the lifestyle program is more intensive. 20 These programs prescribe easyto-implement small changes to patient's lifestyle, aimed at decreasing unnecessary caloric intake and increasing daily activities such as walking, climbing stairs, etc. It is possible to find manuals for these interventions on the internet or at bookstores, and, with some preparation, professionals with basic nutrition knowledge can deliver these. One example for such a manual, is a 16-week lifestyle program we have created and tested previously (Simplified Intervention to Modify Physical activity, Lifestyle, and Eating behavior -SIMPLE); this can be downloaded free of charge and has been effective for people with cognitive impairment, low education, and mental illness and can be used for a wide selection of patients (http://www.simpleprogram.org/home/ manual). A diet and exercise program coupled with lifestyle intervention would be very useful, however, and, at the very least, a modest calorie reduction in the daily diet, such as 500 calories per day, should be prescribed. This can usually be achieved by eliminating or decreasing some empty calories that do not serve any purpose, such as sugary drinks, sweets, or chips. This medication combination without any lifestyle recommendations and calorie reduction has not been tested for obesity treatment. It should be noted that actimeter wristbands and smartphone-based activity and food diary apps are now widely available at a low cost and have great potential to improve weight loss outcomes.
Patient expectations
Patient expectations for weight loss are often unrealistic. Most people want to lose weight for cosmetic reasons and desire maximum weight loss in a minimal amount of time with the least effort necessary. Weight loss is difficult and often takes many attempts. Therefore, patient expectations need to be well managed. Medical indications for weight loss are primarily to prevent morbidity and mortality, to decrease the impact of already existing obesity-related illnesses such as high blood pressure and type 2 diabetes, and to increase quality of life. This can often be achieved by modest levels of weight loss, if the weight loss is sustained. 25 
Patient selection Level of obesity for treatment
The naltrexone-bupropion combination is studied and approved for patients who have a body mass index (BMI) of 30 and over (obese), or people who have a BMI over 27 (overweight) and have one or more obesity-related conditions such as type 2 diabetes. [18] [19] [20] It should be noted that BMI here is used as a proxy measure for adiposity. For muscular people, the BMI cutoffs should be adjusted up. Also, for people of Asian ethnic origin, BMI cutoffs should be lowered by 2 or 3 points. 26, 27 Furthermore, this writer is of the opinion that healthy overweight people with a BMI over 27 should be treated if their weight over the past few years has been consistently trending up.
The ideal patient
The ideal obese/overweight patient for naltrexone-bupropion supplementation of a behavioral and caloric program is relatively young, has no cardiac disease or seizure history, no eating disorders, is not yet diabetic, and has tried behavioral intervention and dieting in the past, but either could not achieve desired results or could not sustain their achieved weight loss. Since the indications are similar with bariatric surgery, medication treatment can be attempted as a last resort before surgery. 28 For patients who have never tried behavioral intervention and dieting, an effort should be made first with these interventions before medication is started, since some people will never need the medication support.
29
Special patient populations
The unwilling patient A group of patients does exist that need to lose weight, have already high cardiac risk or obesity-related diseases, and are either not motivated to change their diet/lifestyle, or cannot comprehend the link between their obesity and medical problems. Some of these patients will refuse obesity interventions but may be willing to take a medication. Naltrexone-bupropion combination may not be appropriate for this group. Orlistat may be a better option, since it will block the absorption of the lipids at the intestinal level. 30 Another strategy, albeit riskier from a cardiac and/or psychiatric stand point, is to utilize direct appetite-reducing medications. In this case, phentermine, diethylpropion, or topiramate may be better 
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Patients with diabetes
Individuals with either type 1 or 2 diabetes, but especially type 2, will benefit from weight reduction. The naltrexonebupropion combination is shown to be effective in this population, but somewhat less so than in nondiabetics. Regardless, significant improvements in hemoglobin A 1c levels were observed. 21 Some diabetes medications are associated with some weight gain (eg, sulfonylureas) and others with modest (eg, metformin) or moderate (GLP-1 agonists) weight loss. [32] [33] [34] Of the latter, the GLP-1 analog liraglutide has recently been approved for weight loss in diabetic patients. [35] [36] [37] It makes sense to examine the diabetic obese patients' medications first to see if a switch of the antidiabetic medication makes sense from a weight loss perspective. Another special point for this population is to be mindful for hypoglycemia resulting from weight loss by any treatment, including behavioral interventions. 38 
Hypertensive patients
Bupropion raises blood pressure, as does the naltrexonebupropion combination. 10, 39 This increase sometimes may be offset by the reduction in blood pressure through weight loss; however, clinically significant weight loss will occur much later than the institution of full dose bupropion. Thus, blood pressure needs to be well-controlled before initiating therapy and should be monitored closely by the patient and the treating physician throughout the use of the combination. 24 
Patients with cardiac disease
During trials, myocardial infarction was observed. 40 Bupropion has the potential to increase heart rate, which in turn may provoke arrhythmias. 41 The naltrexone-bupropion combination should be used with great caution in this group of patients.
Patients with seizure history
Naltrexone-bupropion combination or bupropion alone should not be used in this group of people. 24, 42 If a seizure develops during treatment of a patient who did not experience prior seizures, treatment should be stopped immediately. 24 Since bupropion lowers seizure thresholds, caution is required when it is used alongside other medications that lower seizure threshold. 43 Similarly, caffeine intake should be reduced during treatment due to caffeine-induced decrease in seizure threshold. 44, 45 Smokers Obese/overweight patients who smoke cigarettes present a unique challenge. From a cardiovascular risk reduction perspective, smoking needs to be targeted first. The 10-year cardiovascular risk is reduced by half following smoking cessation for an obese smoker. 46 Nicotine has a unique effect on POMC cells and lowers appetite. 47 Thus, smoking cessation is usually associated with weight gain. Bupropion is approved for smoking cessation, and naltrexone is shown to reduce the weight gain following smoking cessation. 48 Thus naltrexonebupropion combination is uniquely suitable for use in this population. Weight loss may be slightly less; however, in this situation, absence of weight gain and cessation of smoking are the desired results rather than clinically significant weight loss to reduce cardiovascular risk. 49 
Patients with hepatic disease
Naltrexone has the potential to cause drug-induced hepatic damage and frequently elevates hepatic transaminases, which may or may not be clinically significant. 50 Patients with hepatic disease were excluded from the abovementioned studies, and similarly, we do not recommend use of naltrexonebupropion combination in this patient population.
Patients with renal disease
Dose reductions are recommended in patients with renal disease, and it is not clear how this will affect the amount of weight loss achieved in this population. 24 
Patients with depression
Depression is highly comorbid with obesity and is universally undertreated. 51 Bupropion is an excellent antidepressant, while naltrexone is not reported to have a mood effect. Thus, the naltrexone-bupropion combination, which includes an effective antidepressant dose of bupropion, may be the ideal weight loss drug for this population. Indeed, a recent pilot study had reported improvement in both depression and weight profile among obese/overweight and depressed patients. 52 The usual caveats with antidepressant treatment continue to apply, including suicidal ideation and intent, which should be closely monitored. Furthermore, all antidepressants have the ability to induce mania, including in patients with previously unknown bipolar disease. 53, 54 It might be beneficial to collaborate with a psychiatrist in the care of such patients.
Patients with bipolar disorder
The naltrexone-bupropion combination should not be used in bipolar patients due to the risk of mania induction. 
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Patients with psychosis
Most patients with schizophrenia are obese due to the appetite-increasing effects of antipsychotic medications. 55 While bupropion and naltrexone separately have been used safely in schizophrenia patients, bupropion has a documented side effect of psychosis in nonpsychotic patients. 22, 56, 57 For schizophrenia spectrum patients, we recommend expert consultation and care.
Patients with chronic pain
Naltrexone will induce opiate withdrawal in the setting of opiate analgesic use, a severe but nonfatal condition that still may require hospitalization. 58 Chronic pain patients should be carefully screened for opiate pain medication use, prescribed or otherwise. If the patients are not on an opiate pain medication, the combination drug can be used with the caveat that it will block antinociceptive effects of opiates if they are required in future. The clearance of the sustainedrelease combination pill may take longer than immediaterelease naltrexone in this case. Regardless, several weeks may be required after the cessation of the naltrexone-bupropion combination before starting an opiate pain medication.
Patients with substance and/or alcohol abuse
Substance abusing patients are clearly another unique challenge. Other than opiate abusers, there is no absolute contraindication. The naltrexone-bupropion combination could be beneficial as it decreases craving. [59] [60] [61] [62] [63] Cocaine and bupropion have similar cardiovascular toxicity, and therefore should not be used together. 64 Cannabis is an orexigenic substance and, as such, will counteract weight loss efforts. The author would urge caution and objective drug screening in this group of patients.
Patients who receive excessive calories from alcohol
All alcohol-containing drinks are very calorically dense. Social drinkers, who do not abuse alcohol but regardless consume large amounts on occasion, may not realize alcohol as a source of their obesity. 65 The naltrexone-bupropion combination may actually be an ideal weight-loss drug for this population due to naltrexone's anticraving effect. 66 Alcohol education in this case should be incorporated into the lifestyle intervention.
Patients with eating disorders
There are several eating disorders, which are associated with obesity, predominantly bulimia nervosa, binge eating disorder, and sleep-related eating disorder. [67] [68] [69] For these patients, we recommend expert care. The naltrexonebupropion combination's effects in eating disorders are not well known at this time. Bupropion alone is not effective for binge eating disorder. 70 
Patients with anxiety
The naltrexone-bupropion combination may cause anxiety and agitation. 24 Caution is required in this patient population.
Patients with insomnia
Insomnia is highly prevalent and is associated with obesity. 71 Additionally, sleep apnea is associated with obesity. 72 The daytime aftereffects of inadequate sleep, such as lack of energy, may cause patients to overeat. It might also interfere with their participation in lifestyle weight interventions. Sleep apnea is a condition with high morbidity and mortality, and thus, clearly needs to be screened for and treated. In addition, insomnia is a potential side effect of the bupropion-naltrexone combination. 52 For these patients, we would recommend resolving the sleep problem by behavioral and/or pharmacological interventions and then attempting nonpharmaceutical weight-loss strategies again. If these options fail, then the naltrexone-bupropion combination may be supplemented to the weight loss effort.
Patients who are scheduled for bariatric surgery
When all else fails, there is still bariatric surgery, which is very effective in producing lasting weight loss. 73 Over the years, bariatric surgery techniques have developed to the point that it has become safer. If a patient decides to go the bariatric surgery route, it should be remembered that the naltrexone-bupropion combination should be discontinued several weeks before any type of surgery is performed, as opiate use may be necessary postsurgery for pain control.
Conclusion
The naltrexone-bupropion combination is a relatively safe and effective adjunct to lifestyle interventions and diet for the treatment of obesity. Both medications have been used for other purposes for over 2 decades, and so their side effect profiles are well known. Their weight-reducing effect is shown to be more pronounced together than with each individual medication on its own, and this effect is sustained over 1 year. With some care to appropriate patient selection and with adequate knowledge of side effects and potential complications, the naltrexone-bupropion combination can be an effective tool for treatment of the obese patient. 
